dative burst systemically. 1, 16, 20, 26 Overwhelming systemic inflammation leads to tissue injury, organ dysfunction, and potential organ failure. 11, 16, 31 The clinical presentation of this process is the systemic inflammatory response syndrome (SIRS), which is recognized when 2 or more of the following criteria are present: temperature > 36°C or < 30°C, heart rate > 90 or < 50 bpm, respiratory rate > 20 breaths/minute or PaCO 2 < 32 mm Hg, or white blood cell count > 12,000 or < 4000 cells/mm 3 or greater than 10% band forms. 5 Systemic inflammatory response syndrome is present in approximately 30% of general trauma patients, up to 50% of intensive care unit (ICU) patients, and over 80% of surgical ICU patients. 3, 21, 24, 27 Multiple studies have shown that SIRS is a significant independent predictor of outcome. In a cohort of 4887 trauma patients, Napolitano et al. 24 demonstrated that those with an SIRS score > 2 (that is, with 2 or more SIRS criteria) at admission were 5 times more likely to die than patients without SIRS (SIRS Score 0), and that an SIRS score > 2 at admission was a useful independent predictor of hospital length of stay (LOS) after controlling for age and Injury Severity Score (ISS). In another prospective study of 1850 patients by Bochicchio et al., 3 the patients who had an SIRS score > 2 were 1.5-4.7 times more likely to develop a nosocomial infection. Additionally, in injuries affecting the CNS, including stroke and subarachnoid hemorrhage, the admission SIRS score was a useful predictor of a poor functional outcome and prolonged LOS. 4, 36 The proportion of patients with SIRS and its effect on outcome has not been studied in the SCI population, which represents a unique cohort of the critically injured population. Therefore, the purpose of this study was to determine whether the presence of SIRS in patients with acute traumatic SCI relates to and predicts outcome measures such as LOS, complications, and mortality.
Methods
After obtaining approval from our institutional research ethics board, we retrospectively examined a consecutive series of 193 SCI patients entered in the National Trauma Registry and admitted to our level 1 trauma center between March 2006 and March 2012. Patients included for analysis were those with a cervical, thoracic, or lumbar SCI documented by physical examination and MRI. Patients were excluded from the study if they had insufficient SIRS data, a cauda equina injury, a previous SCI, a preexisting neurological condition, or a condition on admission that prevented appropriate neurological assessment.
The following data were extracted from the medical records: general demographics, ISS, associated trauma, level of SCI, American Spinal Injury Association Impairment Scale (AIS) grade at admission, first recorded temperature, heart rate, respiratory rate and oxygen saturation on admission to the London Health Sciences Centre, hospital LOS, and ICU LOS. From laboratory reports we obtained data on the initial hospital trauma blood work, which included complete white blood cell count, blood glucose, blood urea nitrogen (BUN), serum creatinine, and plasma aspartate aminotransferase. The incidence of complications was defined as the percentage of patients who developed a specific complication during their initial hospitalization. A recurrent complication was counted only once per patient. Complications were considered minor if they were severe enough to warrant treatment and major if they were life threatening. A UTI was indicated by a urine culture with more than 10,000 colony-forming units/ml. Deep venous thrombosis included positive results with venous Doppler ultrasound. Pneumonia was indicated by chest radiographic findings and positive culture. Wound infection and sepsis were indicated by positive cultures of the wound or blood requiring treatment, respectively.
The SIRS criteria as defined by the American College of Chest Physicians/Society of Critical Care Medicine 1992 Consensus Conference and listed above were used in this study. 5 Each criterion present at admission was given a score of 1. Systemic inflammatory response syndrome was defined as the presence of 2 or more criteria (SIRS+ [score ≥ 2]). The SIRS+ patients were compared with the patients without SIRS (SIRS-[score of 0 or 1]).
Data analysis was performed using PASW Statistics version 18 (SPSS Inc.). The mean and standard deviation were used to describe continuous parametric variables, and the median and range were used to describe continuous nonparametric variables. Categorical variables were described with percentages. Comparisons between SIRS+ and SIRS-were made using the Student t-test for continuous parametric variables and the Mann-Whitney U-test for continuous nonparametric variables. Comparisons of categorical variables were made using the chisquare test or Fisher's exact test. All p values < 0.05 were considered significant. Multivariate logistic regression (enter method) was used to determine the relative contribution of having SIRS at admission (> 2 SIRS criteria) for predicting outcomes including mortality, ICU LOS > 10 days, hospital LOS > 25 days, and having a least 1 major complication during the acute hospitalization. The AIS grade, patient age, patient sex, and ISS > 25 were included as covariates, as they have been demonstrated to be potent predictors of outcome in the SCI population. 12, 32, 33 An ISS > 25 was chosen to represent multiple injuries because an incomplete SCI assigns a score of 16. Hosmer-Lemeshow and global chi-square tests were used to assess goodness of fit. The discriminative ability of the models in predicting outcome was determined by the area under the curve (AUC) through the construction of receiver operating characteristic (ROC) curves. The AUC values > 0.70 were considered indicative of acceptable predictive ability.
Results

Patient Demographics
Of the 193 patients with a blunt spinal injury admitted to our facility between March 2006 and March 2012, 93 patients with traumatic SCI satisfied all eligibility criteria and were included in the study cohort. Forty-four (47.3%) of the 93 patients had 2 or more SIRS criteria at the time J Neurosurg: Spine / Volume 21 / August 2014 of admission (Table 1) . Approximately one-quarter of the patients (24.7%) did not fulfill any of the diagnostic criteria for SIRS, and 28.0% fulfilled only 1 criterion. In individuals with SCI, the SIRS criteria that were most commonly positive were white blood cell count (51.6%) and heart rate (32.3%), followed by temperature (23.7%) and respiratory rate (18.3%). Table 2 contains details about the patient population. The mean age at injury was 44.1 ± 18.6 years, and 81.7% of the patients were male. Individuals in the SIRS+ and SIRS-groups were similar in age, single neurological level of SCI, and severity of SCI (as determined by AIS grade on admission). However, the SIRS+ individuals had significantly greater ISSs (24.3 ± 10.6 vs 30.2 ± 11.3, p = 0.01) and more commonly suffered a fracture-dislocation injury (26 patients [59.1%]) than the SIRS-group. In contrast, central cord syndrome caused by hyperextension was the most common injury type in the SIRS-group (17 patients [34.7%]). Almost one-half of the patients (46.2%) had additional trauma associated with their SCI. However, the incidence of SIRS+ was similar in patients who had multiple trauma and patients who had an isolated SCI (40.8% vs 52.3%, p = 0.30).
Patient Outcomes
For the overall cohort, the median hospital LOS was 16 days (range 1-189 days), and the median ICU LOS was 1 day (range 0-87 days; Table 3 ). Patients in the SIRS+ group had a significantly longer hospital LOS (18 days, range 1-189 days) than the SIRS-group (14 days, range 1-91 days; p = 0.03). A similar number of patients in the SIRS+ and SIRS-groups required ICU care (63.6% vs 42.9%, p = 0.06); however, patients in the SIRS+ group had a longer ICU LOS than the SIRS-patients (median 5 days [range 0-87 days] vs median 0 days [range 0-46 days], respectively; p < 0.001).
The in-hospital mortality was 11.8%. The mortality rate in the SIRS+ cohort was not different from that in the SIRS-group (13.6% vs 10.2%, respectively; p = 0.75). The mean age of those who died was 70.1 ± 19.7 years as opposed to 40.3 ± 15.1 years in the patients who survived to hospital discharge (p < 0.001).
Complications
Overall, the incidence of complications was 82.8% (37.6% major and 45.2% minor; Table 4 ). The most common major complication was pneumonia (20.4%) followed by cardiac complications (8.6%) and acute respiratory failure (8.6%). Urinary tract infections were the most common minor complication (29.0%). Having a least one major complication was 1.7 times more common in the SIRS+ group than in the SIRS-group (p = 0.03). However, patients in the SIRS+ group had a similar frequency of minor complications and multiple complications (at least one major plus at least one minor complication). The types of complications did not differ between the groups.
Clinical Laboratory Parameters at Admission
Laboratory parameters, including glucose, creatinine, and BUN, were not significantly different in the SIRS+ versus the SIRS-group. Neither was there a significant difference in oxygen saturation between the SIRS+ and SIRS-groups (Table 5) . Table 6 displays the results of logistic regression. After adjusting for differences in age, sex, ISS, and AIS grade, analysis revealed that the presence of 2 or more admission SIRS criteria is a significant predictor for developing at least one major complication during the acute hospitalization 
Admission SIRS Criteria as Predictors of Adverse Outcomes
Discussion
The present study supports the notion that SIRS criteria have important prognostic implications. Controlling for age, AIS grade, sex, and ISS, our data demonstrate that patients with 2 or more SIRS criteria on admission have a greater risk of a major complication, longer hospital stay, and longer ICU stay than patients with traumatic SCI who do not have SIRS on admission.
To our knowledge this study is the first to document the prevalence and prognostic importance of SIRS criteria in the spinal cord-injured population. Forty-seven percent of spinal cord-injured individuals in the present study had SIRS on admission, which is approximately 10% higher than the rate previously reported for trauma patients. 24 This rate is not surprising given that SCI, especially high-level SCI, causes profound physiological derangement of cardiovascular, respiratory, hematopoietic, and thermoregulatory systems. However, we found no association between having 2 or more SIRS criteria on admission and the level of SCI or AIS grade. In agreement with previous studies in general trauma patients, spinal cord-injured individuals with SIRS+ on admission also had a higher overall injury score (ISS > 25) and a higherenergy injury pattern (fracture dislocation vs hyperextension) than those without SIRS. 3, 21, 28 Furthermore, the incidence of SIRS+ was similar between patients who had an SCI together with associated trauma and patients who had an isolated SCI. Collectively, these findings suggest that having SIRS on admission reflects the severity of the overall inflammatory response rather than the severity or level of SCI alone. These findings have been validated at the cellular level by Bao et al., 1 who demonstrated that insult to the spinal cord causes a particularly intense induction of oxidative burst and associated enzymes in the circulating neutrophils and monocytes that is significantly greater in patients after SCI than in patients after trauma without CNS damage. Although numerous studies have demonstrated the value of SIRS criteria in predicting mortality in the general trauma population, 3,17,21,25,28 our study of patients with traumatic SCI did not. However, because mortality in our cohort was associated with an older age (> 70 years), because 6 of the 11 patients who died had had supportive care withdrawn, and because the absolute mortality number was relatively small, we believe the finding of no prognostic value in SIRS criteria for predicting death is probably not definitive.
Spinal cord injury patients who had more than 2 SIRS criteria on admission were more likely to experience a major complication during their acute hospitalization. The types and incidence of complications, including pneumonia, cardiac arrest, respiratory failure, and UTIs, were representative of those reported in prior studies in trauma patients, including SCI patients. 12,13,28 Our findings agree with those from a recent retrospective review of 411 cervical spinal cord-injured patients revealing that the severity of the initial AIS grade, a high-energy injury mechanism, an older age, comorbid illness, and steroid administration predict the occurrence of complications.
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Similarly, Dimar et al. 12 confirmed that the severity of neurological injury, number of comorbidities, and use of high-dose steroids independently increase the risk of complications after surgical stabilization of thoracolumbar spine fractures. We believe the SIRS score is an additional factor, easily attained at the bedside, that can be incorporated into prediction modeling for complications in individual patient management. Early identification of high-risk patients may prevent complications, improve patient outcomes, and reduce resource utilization and cost. Limiting systemic inflammation without causing immune suppression using an anti-integrin strategy has been shown to protect the spinal cord, tissues, and organs as well as improve functional outcomes in animal models of SCI. 2, 19 Therefore, SIRS criteria may be useful for identifying patients for enrollment into interventional trials on SCI aimed at pharmacological treatment of ongoing systemic inflammation.
The traditional SIRS paradigm suggests that an overabundant deregulated early innate inflammatory response induces early multiple organ failure either by a massive initial insult (one hit) or by "secondary hits." Subsequent- * Categories of complications are mutually exclusive. RR = relative risk; -= not applicable. † The relative risk was calculated by dividing the incidence in the SIRS+ group by the incidence in the SIRS− group. For complications with an incidence of 0 in at least one group, the relative risk could not be calculated. ‡ The p value was derived using the Fisher's exact test. 35 In patients with SIRS, infections, ischemia/reperfusion, or surgical interventions may further prolong the dysregulated immune-inflammatory state and increase a patient's morbidity and mortality.
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Authors of numerous studies, including the Surgical Trial in Acute Spinal Cord Injury Study (STASCIS), have concluded that early decompression surgery is safe, improves neurological function, and is associated with a shorter ICU stay, shorter hospital stay, and a reduced incidence of complications when performed in patients without contraindications such as life-threatening polytrauma or major medical comorbidities. 6, 7, 14, 15, 34 This beneficial effect of early surgery has also been demonstrated in the stabilization of long-bone fractures and isolated spinal fractures. 23, 25, 29 For the subpopulation with acute SCI and SIRS, future studies should be aimed at elucidating the temporal relationship of the systemic inflammatory response and the impact of surgical intervention on the exacerbation of SIRS.
Although there is no doubt that the presence of SIRS has prognostic value, the SIRS score has been criticized for lacking specificity and for being too sensitive, thus making it difficult to differentiate a beneficial inflammatory response from a pathological response that produces organ failure. 18 In the near future, genetic profiling, additional criteria specific to the patient with SCI, and biomarkers such as procalcitonin may be increasingly used to better classify and predict outcome.
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A limitation of our study is its relatively small sample size; therefore, a larger patient population may provide additional significant information. Moreover, our study was retrospective in nature, and despite our attempts to prevent all potential sources of bias, it remains vulnerable to the relevant biases associated with any retrospective study. Our exclusion of patients with incomplete data for calculating the SIRS score may have produced a potential selection bias. A further limitation resulting from the retrospective data collection is our inability to control for confounders, including the length of time from injury to admission and whether the patient was in spinal shock at the time the SIRS criteria were measured. We were also unable to report on the effect of SIRS on long-term functional recovery. Although we specifically examined immediate outcomes (acute and subacute period) in traumatic SCI patients with SIRS, longer-term studies may allow prognostication in patients who experience adverse outcomes in the immediate hospitalization period.
Conclusions
Data in this study demonstrated that patients who suffer a traumatic SCI and have 2 or more SIRS criteria on admission are more likely to have complications, a longer ICU stay, and a longer hospital stay than traumatic SCI patients without SIRS. Determining SIRS criteria on admission is a simple and rapid method of identifying high-risk SCI patients at the bedside and may be beneficial in preventing adverse outcomes and decreasing hospital costs. These results warrant further investigation in a larger study cohort.
